In tropical countries, concomitant infections are a continuous problem. In the J?Jufiji Delta, an area of Tanzania that is holoendemic for malaria, there were outbreaks of influenza A, measles, and pertussis in 1986 and 1987. Significantly lower parasitic prevalences and mean densities of malaria parasites were found in children up to nine years of age who had measles or influenza than in asymptomatic control children. In contrast. children with pertussis had a higher prevalence and mean density than controls. The clinical courses of measles. influenza. or pertussis infections did not appear to be significantly affected by concomitant malaria infections. The reasons for the suppression or Pltlsmodium .(alciparum parasitemia during these viral infections are unclear. This effect could not be explained by the presence of fever.
I
main occupations are fishing and agriculture (rice cultivation). A Primar)' Health Care Clinic had recently been. established and was run by our research team in the village. Medical treatment was in practice available onl)' through the clinic. The main diseases of the villagers are malaria. gastroenteritis. upper respiratory tract infections. pneumonia. and lymphatic fi1ariasis. The nutritional status is normally adequate because of continuous access to fish.
Between 1986 and 1988. a longitudinal clinical stud)' of malaria was conducted in the village. Malaria was found to be holoendemic; transmission was perennial with some seasonal ftuctuations. All fever episodes were systematically investigated and treated according to a diagnosis based on the clinical history, physical examination, and basic laboratory tests.
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In tropical countries. concomitant infections are a continuous problem. The general view is that an acute non malarial infection in an otherwise as,ymptomatic Plasmodium .falciparum carrier will be associated \J,rjth a transient increase in the number of parasites and possible exacerbation of malaria symptoms. Thus. in holoendemic areas. episodes of fever are often thought to involve either exacerbations of chronic malaria infef;tion due to concomitant viral infections or superinfections with parasites to which the host has less immunity. This results in a widescale use of antimalarial drugs that enhances the alarming development of P. .falciparum resistance to the drugs used.
In the Rufiji Delta in eastern Tanzania. an outbreak ~finfluenza occurred in September-October 1986. one of measles during the spring of 1987. and one of pertussis in October 1987. We studied the possible interactions in patients between these three diseases and concomitant P. .falciparum infection during these three epidemlCS.
In.fluenza epidemic An epidemic of influenza-like symptoms occurred in Nyamisati in September and October 1986. The influenza diagnosis was based on upper respiratory tract symptoms, fever and/or headache, and general body pain. Blood films for the detection of malaria parasites were made from each patient at the time of acute influenza infection. Routine treatment of the influenza symptoms included antipyretics and analgesics. All patients were followed for additional clinical manifestations for one month after the diagnosis PATIENTS AND METHODS Stud)' are,2
The village of Nyamisati is situated at latitude 7OS in the Rufiji River delta. near the Indian Ocean in eastern Tanzania. The population is of Bantu origin with an Arabic influence. The for detection of pertussis antibodies. These samples were compared with samples obtained from the previous routine survey in the village. of influenza to establish that the clinical course was normal.
In :~4 patients, blood samples were again collected 3-4 weeks after the acute stage for serologic t::onfirmation of the diagnosis of influenza. The sera were centrifuged, stored at -18°C, and compared with sera that were obtained in a survey six months before the epidemic.
Conrrols
Asymptomatic individuals were selected as controls when patients in each epidemic were identified. Blood films were obtained at the same time and similarly examined for malaria parasites. For each patient in the two viral epidemics, an age-matched control was selected from nearby houses in the same village. Controls for the pertussis epidemic consisted of 231 children up to the age of 14 years identified in the general survey performed at the same time in the entire village.
Weighted parasite prevalences and means were calculated from these individuals.
Measles epidemic
Laboratory methods
An outbreak ofmeasles occurred in Nyamisati and surrounding villages between March and May 1987, despite the fact that a measles vaccination campaign had supposedly been conducted in recent years in this area by mobile medical units. A measles diagnosis was based on fever with typical rash and photophobia. Routine blood films were simultaneously made from each patient for the detection of malaria parasites. The patients were given Vitamin A (50,000 units) and antip:~'retics as recommended by the Tanzanian Ministry of Health. They were told to return to the clinic immediately if clinical manifestations of secondary infection or aggravation of measles occurred. All patients were followed up to three months after the measles diagnosis to confirm clinical improvement.
An additional blood film was routinely made for 3:~ patients from Nyamisati 2-4 weeks after the a(;ute clinical stage of measles. Hematocrit tubes of blood were also obtained. centrifuged, and the plasma samples were stored at -18°C for serologic confirmation of the measles diagnosis. Unfortunately. 20 samples spoiled during transport to Sweden.
Pertussis epidemic
An outbreak of pertussis occurred in Nyamisati village in September and October 1987. although as with measles. vaccination against pertussis had supposedly been performed in the area in rec;ent years by a mobile medical clinic. A pertussis diagnosis was based on clinical symptoms of gasping cough (whooping): fever was not an obligate symptom. Routine blood films were made simultaneously for each patient for the detection of malaria parasites. All children were followed for three months to confirm clinical improvement. Plasma was collected from 19 children :,-4 weeks after the acute clinical stage. The samples were centrifuged. and stored at -18°C Microscopic diagnosis of malaria was done on a thick blood film stained with Giemsa. Parasite densities were calculated for leukoc~les. assuming a leukoc~'te count of 8.000/~1. except for the pertussis patients. in whom the leukocyle count --was assumed to be 20.00Q!~1. since the~. were not previousl~. immunized. ' A blood film \\.as considered negative if no parasiles were detecled in 100 microscopic fields using a magnification of 1.000 x .
The serologic tesls for the confirmalion of viral and bacterial infeclions were done at the Nalional Bacleriological Laboralories (Stockholm. Sweden). Complement fixation tests were per--formed for influenza A and B group antigens according 10 the well kno\\'n method ofTakatz~.. ..
A positi\'e response at a dilution. ? 1 :80 or a four-fold increase in the titer of paired samples was considered to be indicative of influenza infection. An enzyme-Iinked immunosorbent assa~. (ELISA) was used to detect measles IgM antibodies. The assay was performed using microplates coated with rabbit anti-human IgM dilut-r ed to 1: 1.000. An absorbance \'alue > 0.2 was 0..-considered positive. The ELISA was also used to detect IgG and 19A antibodies to the pertussis filamentous hemagglutinins (FHA) and IgG antibodies to the lymphocytosis promoting factor (LPF). A two-fold increase in FHA-IgG. FHA-19A. and LPF-IgG titers in paired serum samples or a two-fold increase in titers above controls (controls based on average titers from 50 health~. , > 30-year-old age group, 12 (31 %) of 39 patients with influenza-like disease had patent parasitemia ranging from 8 to 240 parasites/.ul, whereas in the control group, 19 (490;0) of 39 had parasitemia ranging from 8 to 2,560 parasites!.ul. Again. no significant difference was found in the parasite prevalences or densities. A tol.al of 128 patients were clinically diagnosed as ha\'ing influenza. and all age groups were represented (Table 1 ). Three patients developed a concomitant pneumonia. but were successfully treated ".ith antibiotics. All the remaining patients recovered from the clinical episodf~. and all were in good health during the follow..up period ofone month. A serologic verification of the diagnosis ofinfluenza A was made in 14 (58%) of .:.4 patients tested. None had increased titers against influenza B.
The obser\.ed parasite pre\.alences and densities jor malaria in the patients with influen7.3 symptoms were compared ".ith those of the controls (Table 1 ). In the 0-9-year-old children. .:.8 <6:?0/0) of 45 had patent parasitemia. ranging from 8 to 5.680 parasites ~I. In the control group of asymptomatic children. 38 (840/0) of45 had parasitemia ranging from 8 to 11.120 parasites!~I. The control group had a significantly higher parasite prevalence (P = 0.0.:.) (Figure 1 ) and a mean positive parasite density (P = 0.01) (Figure 2 ).
In the 1 0-29-year-old patients with influenza. 27 ( 61 %) of 44 had parasitemia ranging from 8 to 240 parasites;~l. whereas in the corresponding control group. 19 (43%) of 44 had parasitemia ranging from 8 to 1.200 parasites/ ~1. There was no statistically significant difference in parasite prevalence or density between the influenza patients and the controls in this age group. In the dren. In the control group of asymptomatic subjects, 59 (88%) of 67 had parasitemia ranging from 8 to 34,400 parasites/I-Ll. Both the prevalence and the parasite density were significantly lower in the measles patients than in the controls (P < 0.001) (Figures 1 and 2) .
From days 14 to 35 after the acute stage of measles, 28 patients were again examined for malaria parasites. Nineteen (68%) had detectable parasitemia ranging from 160 to 5,200 parasitesi JJ.l. with a geometric mean of 222 parasites/JJ.l. These findings more closely resembled those pre-\'iously reported in the control children and in individuals surveyed before the measles epidemic (unpublished data), were no deaths among the children in our study. However, one child had already died on the way to the clinic from a nearby village and \Jw.as not included in the study. All patients were in good health during the followup period of three monl:hs. A serologic verification of the measles diagrlosis was made for all 12 patients tested. All had positive IgM titers. Two had reported previou5i vaccination, but both had typical clinical sympltoms of measles.
The observed parasite densities in the measles patients at the time of the diagnosis are presented in Table 2 . Of the 67 measles patients. only 17 (26%) had detectable parasitemias ranging from 8 to :!,480 parasites/.ul. The two highest parasitemias were 1,360 and 2,480 parasites/ .ul. These were found in the two previously vaccinated chil-A total of24 children were diagnosed as ha\-ing clinically typical pertussis-The clinical course of the disease was as expected. with continuing cough for up to eight weeks. There were no deaths. and all patients recovered within this period of time. One child needed treatment for a concomitant pneumonia. Serologic verification of the diagnosis was made in 18 of 19 sera tested. Of thc 16 children with paired serum samples. 15 had significant increases in FHA-IgG titcrs and 14 had significant increases in LPF-IgG titcrs. The two children with only a single serum sample both had high FHA-IgG titers. No child had been previously vaccinated against pertussis.
The observed malaria parasite densities in the pertussis patients at the time of the diagnosis arc presented in Table 3 . One child less than three months old was not included in the study on concomitant malaria infection because of assumed protection by passively transferred maternal antibodies. Of the remaining 23 children T ABLE 2 Parasite densities (mean log!on + I) and pre\'alences f% positive) of patent parasitemia in patients with acute mej7Sles and age-matched controls from a malaria holoendemic village in Tanzania with pertuss1s. 20 (87%) had parasitemias ranging from 8 to 13.000 parasites/ ~l. and in the control grouiP of asymptomatic children. 141 (61%) of231 had parasitemias ranging from 8 to 8. 200 parasi~es, ~I ( Figures I and 2 ). Whereas the difference in prevalence was not statistically significant (p = 0.33). the mean parasite density in the pertussis-infected children was significantly higher than in the controls {P < 0.05).
Fe\'er
All children less than ten years old with influcnza reportQd fever. In seven of nine children examined with a thermometer at the clinic. a confirmed axillary temperature of > 38.0°C was obser..ed. The mothers of the measles patients reported fever in 25 of :.7 children from Nyamisati. and I :i of 27 had an axillary temperature , 38.0°C. as measured at the clinic. Mothers ..eported fever in three of 13 pertussis-infected -children. and all had a confirmed axillary temperature > 38.0°C. One of the children with a fever had a domcomitant pneumonia. In all three epidemics. only children whose mothers reported fever did have confirmed temperatures > 38.0°C. DISCUSSION dicative of influenza A, thus confirming the existence of the epidemic.
The serologically unverified diagnosis in the other patients may suggest another diagnosis. but all of them had similar upper respiratory tract symptoms with fever and, or general body pain. which supports a similar \-iral etiology. All children clinically diagnosed as measles who were tested serologically during the convalescent period had positive IgM titers-This confirms the existence of the measles epidemic. and also makes this diagnosis most likely in the clinically diagnosed patients who were not tested for IgM antibodies. The fact that only two of67 patients diagnosed with measles reported previous vaccination indicates that vaccine coverage was insufficient in this area. and suggests that this. rather than inadequate vaccine quality. was the reason for the epidemic. In the pertussis epidemic, 18 of 19 patients tested had serologically verified infections.
In the two viral epidemics, we found significantly lower parasite prevalences and densities in patients less than 10 years old compared with control children (Tables 1 and 2 and Figure I ). We arc aware that the leukocyte count is often reduced during acute viral infection. and that the assumed count of 8,000 leukocytes/ .ul may be too high. but this would make the results even more significant. Unrecorded intake of antimalarial drugs cannot explain the low parasitemias, since drugs are only available through the clinic. In contrast to the children with viral infections, parasitemias in the pertussis patients were even higher than in the controls. Again, the difference may be underestimated because the assumed count of 20.000 leukocytes/ .ul is probably an underestimate' (Figure 2) .
Other infections are considered to cause a flareup of clinical malaria because of associated immunosuppression.:! This was not confirmed in: our study -To our knowledge. there is no reported In tropical countries. children often have several concomitant infections. and interactions between infections therefore represent an impor-.ant clinical and diagnostic problem. We have studied the interactions of influenza. acute measles. and pertussis with malaria. and have specifically investigated the possible exacerbation of clinical malaria infection at the time of these acute bacterial and viral infections.
Among the influenza patients. 14 of 24 serologically te~ted patients had titers considered in- Nyamisati is holoendemic for malaria and the children living there are sporadically parasitcmic throughout the year, with an average point prevalence of 86% (unpublished data). In our study. clinical manifestations in the measles patients were not more severe or milder than expected. and in the pertussis patients the symptoms were apparently not aggravated by concomitant P..fGIciparum parasitemia.
Malaria infection is known to be immunosuppressive.13. 14 General immunosuppression ma~.
possibly affect the clinical manifestations and outcome of concomitant viral or bacterial infectjons. Indeed. enhanced infections and more severe disease have been induced b~' various microbial agents in malaria-suppressed mice.' :I However, chronic malaria does not appear to influence morbidit~1 or mortalit~' of gastroenteritis or respiratoT)' tract infections.' T he microscopic detection of parasites in children \\'ith fever from a holoendemic area does not necessaril~! impl~' that malaria infection is the cause of fever. Howe\'er. our findings in Nyamisati indicate that malaria parasite densities during \'iral infections are reduced rather than increased. and are consequentl~. much lower than parasite densities in the same population during clinical malaria episodes (unpublished data). Estimation of parasitic densit~. ma~. therefore represent an important tool for etiologic diagnosis of fever and optimal patient treatment. study in humans on the effect ofviral or bacterial infections on malaria. However, under experimental conditions in mice, exacerbations of malaria by infections of other agents, including oth-..ẽ r protozoa3. 4 and different Iymphogemc vIruses,.
have been observed. Synergistic interactions have also been found between P. yoelii and helminths in concurrent experimental infections. 6 A general lymphocytic malfunction has been observed in measles7 and influenza,1! suggesting immunosuppression by the viral infection. However, although splenectomy increases the severity of malaria and immunosuppressive therapy after renal transplantation also appears to have this effect,9 we believe that viral infections do not significantly reduce immunity against P. falcipa.rum in humans, but seem to facilitate clearance of these parasites.
The reason for the observed decrease or clearance of parasitemia during the viral infections is not known; however. several mechanisms are possible. Fever is one such potential factor. It is known that intraerythrocytic parasites. which survive in culture at 37°C. are damaged by exposure to a temperature of 400C during the second half of the 48-hr groWth cycle."' High fever was reponed in nearly all children with the two viral infections. However in the same study area. 0-9..year-old children with bron~hopneumonia and high fever had mean parasite densities that werc~ similar to that of the control group (Rooth I. and others. unpublished data).
Measles and influenza are systemic infections. and the presence of virus in the blood may possibly cause nonoptimal conditions for parasite groWth. In contrast. penussis is more localized in the trachea and bronchi. Low zinc and low iron levels seen during an acute illness of viral etiology8 may also be considered as causes of parasite suppression. However. a rapid decrease in plasma iron and zinc concentrations was also seen in patients with acute infections of bacterial ori~n. such as the children with pneumonia. who did not show suppressed parasitemia. Generally. competition for nutrients may. however. add to the ,complexity of heterologous interactions.
11he roles of different cytokines have been recently discussed in connection with immunity to ma1aria.ll Levels ofinterferon-gamma and other cytokines have been found to be elevated during measles infection.1:! lnterferon-gamma levels were increased primarily during the early rash stage of the disease. Huddinge Hospital. S-14185. Huddinge. Sweden.
